This study focused on a possible temperament-by-culture interaction. Specifically, it explored whether a basic temperament/ personality trait (sensory processing sensitivity; SPS), perhaps having a genetic component, might moderate a previously established cultural difference in neural responses when making context-dependent vs context-independent judgments of simple visual stimuli. SPS has been hypothesized to underlie what has been called inhibitedness or reactivity in infants, introversion in adults, and reactivity or responsivness in diverse animal species. Some biologists view the trait as one of two innate strategiesobserving carefully before acting vs being first to act. Thus the central characteristic of SPS is hypothesized to be a deep processing of information. Here, 10 European-Americans and 10 East Asians underwent functional magnetic resonance imaging while performing simple visuospatial tasks emphasizing judgments that were either context independent (typically easier for Americans) or context dependent (typically easier for Asians). As reported elsewhere, each group exhibited greater activation for the culturally non-preferred task in frontal and parietal regions associated with greater effort in attention and working memory. However, further analyses, reported here for the first time, provided preliminary support for moderation by SPS. Consistent with the careful-processing theory, high-SPS individuals showed little cultural difference; low-SPS, strong culture differences.
INTRODUCTION
Are some people less influenced by their cultural context than others? This study examined a possible culture-bytemperament interaction. Specifically, we explored whether an established cultural difference in perceptual judgments may be weaker for individuals with a particular temperament trait involving the processing of sensory information. The focal trait is thought to cause individuals' perceptual judgments to be based more directly on the actual stimuli. This trait presumably has a strong genetic component, although it may require the presence of particular environmental influences for expression. We were in a strong position to test this potential interaction because the focal cultural differencecontext dependent vs context independentis well supported in diverse previous research and has recently been demonstrated to be linked to differences in brain response (Han and Northoff, 2008; Hedden et al., 2008) . Furthermore, the focal temperament traitsensory processing sensitivity (SPS)has a well-established questionnaire measure for adults (Aron and Aron, 1997) . Indeed, in the Hedden et al. neuroimaging study of culture differences, participants completed the SPS questionnaire. However, the relation of SPS scores to the imaging results was not analyzed as part of that research report. Thus, this article reports for the first time a further analysis of the Hedden et al. data that tests the interaction of SPS with culture in predicting differences in neural response. In addition to an initial examination of the specific role of this particular temperament trait and this particular cultural difference, the present study may also bear to some extent on the larger question of gene Â culture interaction (and more generally, gene Â environment interaction).
Cultural context and the neural substrates of perceptual judgments
Research on social cognition differentiates cultural contexts that emphasize ideas and practices of interdependence (e.g. East Asian cultural contexts in China, Japan and Korea) vs ideas and practices of independence [e.g. Western cultural contexts, in North America and Western Europe (Markus and Kitayama, 1991; Triandis, 1995) ]. These cultural differences were originally considered in terms of social relations. However, subsequent research has shown that they also apply to performance on simple perceptual judgments. Specifically, people from East Asian cultural contexts perform better on tasks with interdependent (relative or context dependent) demands, and people from Western cultural contexts perform better on tasks with independent (absolute or context independent) demands (Kitayama et al., 2003) . These findings suggest that culture influences perception in a fundamental way (Nisbett et al., 2001) .
Based on this idea, Hedden et al. (2008) used functional magnetic resonance imaging (fMRI) to examine where in the brain cultural context alters processing of simple perception under relative vs absolute judgment conditions. Specifically, they scanned samples of East Asian and American participants comparing neural responses of individuals from the two cultural groups when making judgments of line lengths either relative to a surrounding context or when ignoring the surrounding context.
The findings of Hedden et al. (2008) were that cultural differences in the preferred and encouraged judgment style robustly influenced brain function, reversing the relation between task and activation across a widespread brain network. On average, individuals who have habitually engaged in American cultural contexts exhibited greater activation during the culturally non-preferred relative task, whereas, on average, individuals who have habitually engaged in East Asian cultural contexts exhibited greater activation during the culturally non-preferred absolute task. This interaction between culture and task preference yielded statistically significant interactions on activation in 11 brain regions identified via a whole-brain analysis. In addition, magnitudes of activation for culturally preferred and non-preferred tasks varied as a function of a person's degree of culture-typical identity (i.e. those with stronger identification with their cultural context showed stronger effects). Such a convergence between overall differences and individual differences in the degree of such effects is thought to provide particularly strong support for a brain-behavior relation (Kosslyn et al., 2002; Omura et al., 2005) .
The results of Hedden et al. (2008) were most interpretable as an average increased need for sustained attentional control during tasks requiring a processing style for which individuals are less culturally prepared. The large majority of culturally influenced activation differences were in frontal and parietal regions that regularly exhibit greater activation for more demanding tasks, and are therefore thought to mediate cognitive control over working memory and attention (Badre and Wagner, 2004; Smith and Jonides, 1999; Wager and Smith, 2003) . Regions activated by the culturally non-preferred task condition (context independent for East Asians, context dependent for Americans) exhibited substantial similarity across groups, with no above-threshold voxels differing between groups. This suggests that the same attentional control network is engaged by individuals in each cultural context. However, the conditions requiring such attentional control are moderated by what individuals have been prepared for by their particular cultural contexts.
SPS
SPS is a temperament/personality trait characterized by sensitivity to both internal and external stimuli, including social and emotional cues. The standard measure of SPS in adults is the Highly Sensitive Person Scale (HSP Scale). The HSP Scale was initially derived from characteristics identified in lengthy interviews, and then systematically demonstrated to have high levels of reliability, and of convergent, discriminant, and construct validity using a variety of methods and across diverse populations (Aron and Aron, 1997) . Items include being bothered by intense stimuli; aware of subtleties; more affected by caffeine, pain, and being rushed; having a faster startle response; being more aware of others moods; and performing worse when observed (presumably due to over arousal from processing too much information).
SPS is probably innate to some degree, or largely, in that it is closely related behaviorally to traits such as introversion, neuroticism, shyness, and behavioral inhibition. All of these involve the observable behavior of failing to act as soon as others, which has been assumed in humans to be due variously to low sociability, low approach, low positive affect, or high anxiety. Each of these has been shown to be partly heritable and may share some underlying genetic basis. Furthermore, the SPS concept adopts the view from biology that most species have evolved two 'personality' types. Initially these were seen as shy vs bold (Wilson et al., 1993) , 'uptight' vs 'laid back' (Suomi, 1999) , or nonaggressive vs aggressive (Korte et al., 2005) . Meanwhile the trait has been identified in over 100 different species (Wolf et al., 2008) , and understanding of it has evolved such that the current terms for it are responsive (Wolf et al., 2008) or sensitive (Sih and Bell, 2008) . The trait is now thought to represent one of two underlying strategies. One is 'pause before acting' in order to allow neural processes to assess survival-related subtleties in the environment. The other is 'act first' in order to respond quickly to opportunities. For example, there are two types of fruit flies, sitters and rovers, representing two strategies of locating food (Renger et al., 1999) . Rovers use the strategy of high motor activity, but sitters have more elaborate neural networks, suggesting that the behavioral inhibition of these fruit flies is indeed related to more extensive processing of the environment.
At the other end of the species spectrum, rhesus monkeys have been divided into two types (Sumoi, 1999) , and when the reactive or 'up tight' individuals have been cross-fostered with skilled mothers, they have been observed to become the leaders of their troops. Presumably, the successful reactive types are utilizing some deeper processing of social cues. Ellis et al. (2005) have theorized that interactions such as the one Sumoi found, which are also being found in humans (e.g. Aron et al., 2005; Boyce et al., 1995; Gannon et al., 1989for a review, see Belsky and Pluess, 2009) , are explained by a single gene creating a 'biological sensitivity to context.' This putative 'plasticity' gene allows individuals to adapt soon after birth to either very stressful or very supportive environments by becoming more sensitive. Such sensitivity is an advantage in both of these environmental extremes, whereas sensitivity is not activated in a more neutral environment, where it might be a liability. Belsky and Pluess (2009) present evidence for a similar plasticity resulting from several candidate genes, so that the more such genes an individual carries, the greater might be the person's 'differential susceptibility to environmental influences'. In all cases, the identified genes, formerly seen as only risk factors, have been found to result in better than average functioning if a child with that gene has been exposed to a supportive, enriching environment.
However this trait is understood, several well-established theories view it is a neutral trait having survival advantages in some situations but not others, and involving a more thorough processing of stimuli. The latter is further supported by recent neuroimaging findings that those high in SPS pay greater attention to subtle changes in visual scenes (Jagiellowicz et al., 2010) . In animals this trait predicts differences in a wide range of behaviors, such as feeding, harm avoidance, mating, affiliating, and seeking higher status, also supporting the idea that it has a broad effect on perception and behavior. The two strategies appear to have evolved because they each can succeed in different but normal variations in habitat (Sih and Bell, 2008; Wilson, et al., 1993) .
The various theories about the trait studied here provide us with a new way of understanding long established views of human personality variations. For example, introverts have been found to have a greater awareness of subtle stimuli, more attentional vigilance (Koelega, 1992) , greater sensory reactivity Stelmack, 1997, 2000; Stelmack, 1990) , and a 'reflective' cognitive style as evidenced by pausing longer after a punished trial and showing more learning from it (Patterson and Newman, 1993) . Hence sensitivity to stimuli would seem to underlie at least some types of introversion. As for shyness, a series of studies found support for a model in which the interaction of SPS and a troubled childhood predicted negative affect (neuroticism), which in turn predicted shyness. Those findings suggest that shyness, like 'uptightness' in monkeys, may arise from an interaction with environment but is not the complete explanation for pausing or withdrawing behavior.
In the case of behavioral inhibition, the behaviorally inhibited child is observed to be slow but accurate at tasks (Kagan et al., 1964) . High behavioral inhibition is usually interpreted as a greater sensitivity to punishment or threat (Carver and White, 1994) , the result of an especially active behavioral inhibition system (BIS), rather than a greater sensitivity to all stimuli. In contrast, Gray (1991) originally posited that the BIS provides a better explanation for many behaviors associated with introversion. One reason was that he thought pausing behaviors (behavioral inhibition) were best explained by a need to allow time to process stimuli further rather than by low sociability (Gray, 1981 (Gray, , 1985 . Hence as originally conceived, greater behavioral inhibition was associated with a strategy of taking time to process stimuli more thoroughly, especially in novel situations, whether these situations involve threatening stimuli or not. That is, while the point is often missed, Gray (1981, p. 270 ) did not view behavioral inhibition as only a greater awareness of the threat of punishment, saying such an explanation for behavioral inhibition would be 'tortuous, assuming it to be viable at all'. Obviously one cannot detect a threat of punishment and choose to focus only on that before one has processed all that is occurring, and that processing is more or less thorough depending upon one's typical processing style. Indeed Gray's revised model (Gray and McNaugton, 2000) makes the BIS, with its careful processing of a situation, a mediator between the urge to proceed, coming from the behavioral activation system, and the urge to flee coming from the fear system in the amygdala.
In sum, it would seem that a possibly innate preference to process information more thoroughly may be the best underlying explanation for most of the pausing behaviors associated with human personality. If such a preference exists as a trait, those high in it should process stimuli more elaborately (Aron and Aron, 1997) and/or pay more attention to stimuli in all cultural contexts, a characteristic that should make their perceptual judgments relatively less influenced by the cultural contexts to which they have been exposed.
The present research
The present study investigated whether the role of independent vs interdependent cultural context in moderating perceptual judgments of relative vs absolute stimuli is indeed less influential for individuals high in SPS. That is, do individuals high in SPS process sensory information especially thoroughly and carefully, so that they are more directly responsive to the actual stimuli and relatively less affected than others by their cultural context?
To begin to answer that question, we focused here specifically on how SPS may moderate the results obtained by Hedden et al. (2008) , using the data from that study, which found average cultural differences in neural activation in attentional regions when making relative vs absolute perceptual judgments. Would those differences be relatively less for individuals high in SPS? 
Questionnaire measures
We assessed SPS with an 11-item, short version of the HSP Scale (Aron and Aron, 1997), as described above.
(Example item: 'Are you made uncomfortable by loud noises'; all items rated on the standard 7-point scale from 1 ¼ not at all to 7 ¼ extremely). It was necessary to use shortened scales to assess most variables in order to minimize the overall time demands on the participants. The particular 11 items used here were selected because in previous studies with large samples, they had particularly high correlations with the overall scale total. (The full 11 items of the SPS measure and the items in the brief introversion and neuroticism scales are included in the supplementary appendix 1.) Cronbach's in the present study is 0.82 ( for the full 27 item version in previous studies with large samples have typically been $0.85).
As controls, we assessed two personality variables often correlated with SPS, introversion/extraversion and neuroticism (negative affectivity) using a short set of items employed in some previous studies (e.g. Aron and Aron, 1997; Aron et al., 2005) : introversion/extraversion with two items (e.g. 'Do you like to meet strangers?') and neuroticism (negative affectivity) with three items (e.g. 'Are you a tense or worried person by nature?'). Because scores on the neuroticism measure were strongly skewed, to meet assumptions of normality in the regression analyses the neuroticism scores were square-root transformed prior to including them in the various analyses. (However, the same analyses using the original untransformed scores yielded nearly identical results.)
We assessed culture-specific identity with two 10-item standard measures: Americans completed an independence questionnaire (e.g. 'I am not to blame if one of my family members fails'; Triandis et al., 1988) ; East Asians, an acculturation questionnaire (e.g. 'How well do you fit when with other Asians of your same ethnicity?'; Suinn et al., 1992) .
[See Hedden et al. (2008) , for more details on the culture-specific identity scales used with this sample.] To permit us to control for culture-specific identity in analyses including participants from both cultural groups, we created an overall variable using scores standardized within each group and combined so that higher scores meant greater interdependence.
Design and stimuli
Participants were scanned while making judgments regarding line lengths (Figure 1) in an adaptation for the scanner of the Kitayama et al. (2003) paradigm. In a 2 Â 2 design, stimuli were judged under either relative (attending to context) or absolute (ignoring context) instructions, and in which the judgments to be made were either congruent (easy) or incongruent (difficult).
Scanning
Functional data were acquired using a 1.5-T General Electric Signa MR scanner paired with a whole-head coil and using sequential spiral in-out acquisition sequences for measurement of blood oxygen level-dependent (BOLD) effects (TR ¼ 1850 ms, TE ¼ 40 ms, flip angle ¼ 708, 64Â 64 matrix, FOV ¼ 240 mm, 235 mm oblique slices). Images were screened for artifacts, motion-corrected, normalized to the MNI template, and smoothed at 6 mm. Statistical analyses were conducted using SPM2 (Wellcome Department of Imaging Neuroscience, London) and associated scripts.
Attention ROI composite
As reported in detail by Hedden et al. (2008) , whole-brain analyses were first conducted on the three-way interaction of culture (American vs East Asian) Â instruction (absolute vs relative) Â congruency (incongruent vs congruent) to locate regions demonstrating activation differences across task and culture (whole-brain corrected P 0.05 threshold, achieved with P 0.005 and cluster size ! 49 for normalized, resliced voxels). This contrast identified regions that (i) exhibited greater activation in Americans than East Asians during the relative-incongruent than the relative-congruent task conditions (the Americans' non-preferred task version), and/or (ii) exhibited greater activation in East Asians than Americans during the absolute-incongruent than absolute-congruent task conditions (the East Asians' non-preferred task version). The incongruent vs congruent contrasts showed that both groups exhibited widespread bilateral activations during the culturally non-preferred task that were greater than the activations found in the other group for the same taskthat is, the culturally preferred Fig. 1 The task consisted of judging stimuli depicting a vertical line inside a box. In the relative instruction condition, participants judged whether each box and line combination matched the proportional scaling of the preceding combination; in the absolute-instruction condition, participants judged whether each line matched the previous line, regardless of the size of the accompanying box. In each block of trials, either both instructions led to the same matching response (congruent condition) or both instructions typically led to opposing responses (incongruent condition).
version for the latter group (culture Â instruction Â congruency interaction). These activations were primarily concentrated in prefrontal and parietal areas known to support sustained attentional control (e.g. Wager and Smith, 2003) . There were no significant differential activations in occipital cortex, where early visual processes are subserved by primary and secondary visual cortices (see Figure 2 ).
Next, Hedden et al. (2008) treated clusters of activation identified in the interaction analyses as ROIs. Within each instruction condition (absolute or relative), activation differences (incongruent minus congruent) were highly intercorrelated across these ROIs (Cronbach's ¼ 0.97 for the absolute task; 0.90 for the relative task), indicating strong functional coactivation. Importantly, this allowed the calculation of a summary activation measure for each instruction condition. Weighted means (weighted by cluster size) of the activation differences were computed across the 11 ROIs identified by the contrast for the non-preferred task.
In the present report, we extended this analysis, using this same 11-ROI composite, but examining for the first time the relation of SPS to the focal interaction with cultural context. Table 1 displays means and standard deviations for the questionnaire variables by group. There were no significant differences between groups on any of these variables. Table 1 also displays correlations among these variables overall (there were no significant differences between groups in correlations). No correlations with SPS were significant.
RESULTS
For the relative task (i.e. for the contrast of relative incongruent minus relative congruent), on the 11-ROI composite, among East Asians, those scoring higher in SPS had more activation (r ¼ 0.43); among Americans, those scoring higher on SPS had somewhat less activation (r ¼ À0.15); these patterns were significantly different; t(12) ¼ 1.77, P ¼ 0.05, interaction ¼ À1.38. See Figure 3a. (All analyses were hierarchical regressions, treating SPS as a continuous variable, and controlling for gender, introversion, neuroticism and cultural identification. Analyses not controlling for these variables yielded the same pattern and, due to increased df, generally slightly more significant results. Parallel analyses of covariance treating SPS as a dichotomous variable also yielded virtually identical results. P-levels for t-values for predicted effects are one-tailed.)
For the absolute task (i.e. for the contrast of absolute incongruent minus absolute congruent) on the 11-ROI composite, among East Asians, those scoring higher in SPS had less activation (r ¼ À0.40); among Americans, those scoring higher on SPS had somewhat more activation (r ¼ 0.22); Fig. 2 Brain regions identified from the contrast analysis of the non-preferred task versions (culture Â instruction Â congruency interaction; uncorrected threshold of P < 0.005, cluster size ¼ 49). The bar graph displays beta-value difference scores (incongruent minus congruent) from a composite score computed as the weighted (by cluster size) mean across 11 ROIs identified from the three-way interaction. Difference scores are shown as a function of instruction (absolute vs relative) and culture (American vs East Asian). Adapted from results reported in Hedden et al. (2008) . Correlations with interdependent orientation were computed using scores from different scales that were separately standardized within each group to a mean of 0 and a s.d. of 1. Note: No differences between groups on these variables were significant. these patterns were significantly different; t(12) ¼ 2.00, P ¼ 0.04, interaction ¼ 1.52. See Figure 3b . Crucially, the three-way regression interaction (SPS Â culture Â task type contrast) was strong and very clearly significant; t(12) ¼ 2.35, P ¼ 0.02. This is illustrated by comparing Figure 3a and b. The three-way interaction can also be seen in Table 2 , displaying the pattern of means from the parallel mixed model analysis of covariance treating SPS as a dichotomous variable (three-way interaction F (1,12) ¼ 6.45, P ¼ 0.03).
Also, as can be seen from Table 2 , high SPS individuals showed no significant difference in activation within the composite of attention ROIs between the absolute and relative conditions; SPS Â condition interaction F (1,12) ¼ 2.13, P ¼ 0.17. These results suggest that high SPS was associated with not being influenced by the absolute and relative instructions. Such a lack of influence is most readily interpreted as a tendency to deeply process all stimuli components to an equivalent extent, regardless of condition.
DISCUSSION
The present data suggest that some categories of individuals are less influenced by their cultural context than others. Specifically, this study provides suggestive evidence for a culture-by-temperament interaction in which an established cultural difference, that of taking context into account in perceptual judgments, is weaker for individuals high in SPS. We have suggested that a trait-based strategy of processing all stimuli more thoroughly than those without the trait may cause perceptual judgments to be based more directly on the actual stimuli. Here, we report for the first time an analysis testing the interaction of SPS with culture in predicting cultural differences in neural response.
The Hedden et al. (2008) findings suggested that cultural influences on brain functions engaged by perceptual tasks involving making absolute judgments vs making relative judgments occur primarily during late-stage attentional processing rather than early-stage perceptual processing. The conceptual model of SPS suggests that those high in the trait should process stimuli more elaborately and/or pay more attention to stimuli, regardless of cultural context. Therefore, individuals high in SPS should be less likely to exhibit cultural differences in a perceptual processing task because they are more likely to be highly attentive to all aspects of a stimulus, a model supported by the present results.
Furthermore, individuals high in SPS would be expected to show little difference between activations invoked by the processing of absolute and relative stimuli, again because they are highly (and equivalently) engaged by multiple aspects of the stimuli in both conditions. Two aspects of the results support this possibility. Individuals high in SPS showed little difference between the level of activation in the composite of attention ROIs during the absolute and relative conditions, and had activation levels that did not significantly differ across congruent and incongruent conditions. Both of these findings held across the cultural groups.
The moderating influence of SPS was also independent from an individual's affiliation with his or her culture (as measured by the standardized measure of culture-specific identity), as indicated by the low correlation of SPS with interdependent orientation, r ¼ À0.04. Additionally, there were not significant differences on SPS across the cultural groups. These results suggest that the shifts in activation attributable to SPS are not simply a reflection of other cultural tendencies, as might be expected if, for instance, East Asian cultural practices tended to foster a greater incidence of high SPS individuals.
A possible alternative explanation arises from potential cultural differences in the social value accorded to highly sensitive individuals (Chen et al., 1992) such that the trait may be relatively positively valued in Chinese cultural contexts but relatively negatively valued in North American cultural contexts. A role for this factor in shaping cultural differences in brain response to perceptual judgments cannot be ruled out (and would be of interest in its own right if true). However, it seems an unlikely explanation for the present results because one would expect those with lower statussensitive people in a North American cultural contextto be more, not less attentive to cultural context, which is not the pattern found. Thus, any such effects would seem to work for the opposite results of those observed here. This is of course only a first study, with a very small N, and with very specific operational definitions. On the one hand, we would emphasize that significant results were obtained in spite of only 10 participants in each cultural group, and using a continuous measure for the moderator variable (which also lowers power). Thus, a significant regression interaction under these conditions necessarily represents a substantial effect size that is highly likely to be replicated in future, larger samples. (Also, supporting the strength of these findings is that they were obtained for a set of ROIs independently identified for a different purpose, no issues of multiple comparisons were involved, and results remained significant whether or not controlling for various potentially confounding variables.) On the other hand, the relatively small N makes it difficult to be confident that results may Note: All means are adjusted for the covariates included in the analysis (gender, introversion, neuroticism and interdependent orientation). Three-way interaction, F (1,12) ¼ 6.45, P ¼ 0.03. not in some way be sample specific, so that any conclusions must be taken as highly preliminary and only as suggestive. Future directions would certainly include replication of these novel results with larger Ns. (Larger samples would also permit more fine grained analyses.) Other crucial future directions include using different paradigms and different cultural variations (such as cultures focusing more or less on social hierarchy), as well as additional approaches for assessing the focal temperament trait, the strategy of pausing to observe (such as using genetic methods or subjects from a longitudinal study that began with infant observations). Finally, understanding of the more general possibility of culture Â temperament interactions would be advanced by considering interactions with other temperament traits. Nevertheless, the present results are provocative in testing for the first time the possibility of substantial temperament by culture interactions, and doing so in a neuroimaging context. The neuroimaging data reported here are significant both for suggesting directions for advancing knowledge of brain function and because they offer a uniquely powerful implicit measure of traits previously studied only by self-report, such as SPS. It is a measure likely to be minimally influenced by response biases, language, and related artifacts. In sum, we believe the present results, although highly preliminary, provide some direct support for the first time for culture Â temperament interaction and for the role of SPS in particular, as well as laying a strong foundation and model for the emerging field of cultural neuroscience.
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